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III. EFFECT OF THE PREVIOUS TREATMENT OF SHEET MATERIAL 
ON THE SUSCEPTIBILITY TO THIS TYPE OF CORROSION. 
By Henry S. Rawdon. 

Light aluminum alloys of the duralumin type, that is, high- 
strength wrought alloys whose properties can be improved decid- 
edly by heat treatment are of very great importance, especially 
in the form of sheet and tubes, for aircraft construction. The 
permanence of such materials when exposed to corrosive condi- 
tions such as may obtain in aircraft service should be known, 
however, with a high degree of certainty and precautionary meas- 
ures taken to guard against any possible serious deterioration 
in service. To obtain reliable information along this line an 
investigation, the results of which form the basis of this series 
of reports (Reference l), has been carried out at the Bureau of 
Standards in cooperation with the National Advisory Committee 
for Aeronautics, Bureau of Aeronautics of the Navy Department, 
and Army Air Corps. The leading manufacturers have also partici- 
pated in the investigation by furnishing practically all of the 
materials needed. The investigation, which was started in the 
latter part of 1925, is still in progress and final and complete 
answers have not been reached on all points concerning the perma- 
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nence of duralumin in service. The information which has been 
obtained, however, is of very considerable value to both manufac- 
turers and users of aircraft and its publication at this time 
would seem to be warranted although possibly some of the state- 
ments made may be modified slightly in the light of future results. 

I. Introduction 

I n the preceding report of this series, the deteriorating 
effect of intercrystalline corrosion upon the tensile properties 
of sheet duralumin was described and it was shown by means of 
accelerated corrosion tests that the duralumin type of alloy is, 
in general, subject to this form of deterioration. Although 
some of the different heat-treatable aluminum alloys are much more 
susceptible to the intercrystalline form of corrosion than others, 
the composition of the alloy does not appear to be the single 
controlling factor. Brief reference was also made to the fact 
that duralumin obtained frcm different sources frequently varied 
very considerably in susceptibility to intercrystalline corro- 
sion. Mention was also made to the effect that, with the same 
material, the corrosion resistance appeared to vary according to 
its previous treatment, particularly its heat treatment. The 
outstanding characteristic of duralumin and the one which under.-, 
lies its usefulness as a high-strength light alloy, is the fact 
that its mechanical properties can be very materially improved 
by heat treatment. It is of decided importance, therefore, to 
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know whether or not the unsatisfactory behavior of duralumin un- 
der corrosive conditions is, in any way, related to or determined 
"by the heat treatment methods used for developing the high-strength 
properties of the material. 

In this report, the dependence of the susceptibility of sheet 
• duralumin to intercry stalline corrosion upon the treatment which 
the material has received is discussed. The materials used and 
the methods are similar to those described in the previous report, 
to which reference should be made for details. 

II. Principles of Heat Treatment of Aluminum Alloys 

The term "heat treatment" is used here in a slightly limited 
sense to refer only to the series of thermal operations by which 
the hardness and strength properties of the material are in- 
creased. Essentially this treatment consists in two parts: 
first, heating the material at a sufficiently high temperature 
and for a sufficiently long period to permit the structural con- 
stituents resulting from the presence of the alloying elements 
(Cu, Si, Mg) to be absorbed in solid solution by the aluminum- 
rich matrix, followed by rapid cooling in order to maintain this 
structural condition at room temperature; second, an aging of 
the quenched material whereby the hardness and strength are very 
materially increased. A precipitation of the alloying constitu- 
ents from the solid-solution form into discrete particles still 
of submicroscopic dimensions, however, is quite generally believed 



N.A.C.A. Technical Note No. 284 4 

by metallurgists to constitute the "mechanism" of aging. In dura- 
lumin, aging takes place at room temperature and begins soon after 
the material has been quenched* In some of the related high- 
strength light aluminum alloys, however, heating is necessary in 
order to bring about the full strengthening effect of aging. This 
is termed "accelerated aging." 

The fabrication of any "built-up" structure of any of the 
high-strength aluminum alloys must of necessity be done on the 
relatively soft material if any forming operations are required. 
Whenever possible, it is preferable to carry out the heat treat- 
ment on the assembled structure. Often this is not practicable, 
in which case, the forming operations must be done after the ma- 
terial has been quenched but before the hardening ( aging) .proc- 
ess has advanced to any pronounced extent. Any forming operation 
of the heat-treated material would constitute a cold working of 
the alloy and, reasoning by analogy from our knowledge of the ef- 
fect of cold working on the uorrodibility of iron and steel, 
such a condition would be regarded as undesirable as judged by 
its effects upon the corrosion of the material. 

In this investigation the effect of the cold working of the 
material on its behavior when corroded was observed by corroding 
tension specimens which had been permanently stretched an arbi- 
trarily determined amount, the stretching being carried out at 
progressively longer intervals of time following the quenching 
of the material. Some additional tests were carried out on spec- 
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imens which had been deformed either by cold rolling, bending, or 
crimping. In the study of the effect of the heat-treatment fac- 
tors upon the susceptibility of duralumin to corrosion, particu- 
lar attention was paid to the following: (l) The effect of tem- 
perature and duration of heating prior to quenching; (2) The ef- 
fect of the quenching medium; (3) The effect of accelerated aging 
and heating after aging. 

III. Effect of Cold Working 

4 

In considering the possible interrelation of tl\g deformation 
of sheet duralumin by cold working and the rate of corrosion, one 
is interested, first of all, in determining whether the suscepti- 
bility to intercrystalline corrosive attack of cold-worked heat- 
treated sheet duralumin is greater than that of plain heat-treated 
material and, if so, how the cold forming of such material should 
be carried out with respect to the heat treatment operations. 

In Figure 1 are smnma.^'zed the results of corrosion tests 
carried out by the intermittent repeated- immersion method on 
tension bars of commercially heat-treated sheet duralumin which 
had been cold-worked by permanently stretching the bars before 
subjecting them to corrosion. (The composition of the material 
is the same as that given in the previous report, Table II.) 
In determining the magnitude of the effect of cold working upon 
corrodibility , comparison should, of course, always be made with 
the material as cold-worked, but before corrosion, instead of 
with the material in its initial state, since cold deformation 
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results in a raising of the ultimate tensile strength and a lower- 
ing of the unit elongation. I n numerous cases, the tensile 
strength of the stretched tars after corrosion was greater than 
that of the initial unst retched material. Likewise, if allowance 
is made for the drop in the elongation which resulted from cold 
working, it will be seen that the change in this property, which 
resulted from corrosion, is much less than might be assumed from 
casual inspection. The results obtained with specimens which 
were deformed in the cold by bending them either transversely or 
longitudinally along the central axis (followed by straightening 
in both cases) are in general accord with those for the stretched 
bars. However, since the change in the properties of the material 
locally, that is, along the line of the bend, is unknown, a close 
comparison cannot be made. It might be expected in these cases 
that, as a result of microscopic fissures formed along the line of 
bending, the corrosive attack would be most severe in such por- 
tions. No distinct evidence of this was noted, however. 

On the whole, the results obtained by corroding specimens 
which had been deformed (cold) by stretching them a known amount, 
measured in each case on the 2-inch gauge length (Fig. l) indicate 
that heat-treated sheet duralumin which has been deformed cold 
corrodes at a somewhat faster rate than similar material which 
has not been strained in this manner. The difference in the be- 
havior, however, is not great enough to justify the conclusion 
that cold working is the fundamental cause of the intercrystal- 
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line corrosion of duralumin and this condition should therefore, 
be regarded as a contributory factor, only. 

The results obtained with tension bars which were stretched 
a definite amount within a known period after being quenched serve 
to confirm this conclusion. The aging process by which duralumin 
becomes stronger and harder begins very shortly after the mater- 
ial has been quenched and continues at a slowly diminishing rate 
for several days. Approximately full strength is attained after 
72 hours 1 aging. This is shown by Figure 2, which gives the stress 
required in order to stretch a specimen 2 per cent in length. 
Such a diagram demonstrates more strikingly the advantage of car- 
rying out all forming operations immediately after quenching than 
does the one usually given w r hich shows the change in hardness 
occurring during aging. As will be seen from the results of Fig- 
ure 3, permanent stretching of sheet duralumin by an amount of 2 
per cent (measured on a central 2-inch gauge length), does not 
appreciably affect the coi/osion behavior of the material, provid- 
ed that the stretching is done within 24 hours after the material 
has been quenched. Bars stretched 72 hours after being quenched 
gave indications of a somewhat greater susceptibility to corrosion. 
Even in these cases, however, the results, for the corrosive con- 
dition used, were not at all suggestive that the corrosive attack 
had been very greatly accelerated by deforming the sheet in this 
manner. 
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IV. Variables in Heat Treatment 

1. Effect of Temperature and Duration of Heating 
Prior to Quenching 

In the heat treatment of duralumin, the alloy is usually 
heated at a temperature slightly above 500°C (930°F) and quenched 
from this temperature. In the latest recommendations for the 
heat treatment of aluminum alloys (Reference 2), a temperature 
range of 495-515°C (925-9S0°F) with a preferred temperature of 
510°C (950°F) is given for the duralumin composition. In order to 
show what effect the temperature at which duralumin is heated and 
the duration of heating at that temperature prior tp quenching 
may have upon the susceptibility of the heat-treated alloy to in- 
ter crystalline corrosion, specimens were heated at a temperature 
well above that at which complete solubility of the copper con- 
stituent is attained, and a similar set at a temperature somewhat 
below this point. At the time this investigation was started, 
the most reliable information as to the temperature at which sol- 
ubility of the copper constituent is complete was that given by 
Archer and Jeffries (Reference 3), who showed that complete solu- 
bility of the copper constituent in an alloy containing 4 per cent 
copper may be expected to occur at approximately 430°C. According- 
ly, a temperature of 505°C (500-510°) was chosen as representative 
of one well above the solubility point, also incidentally as rep- 
resentative of current heat treatment practice, and a temperature 
of 425°0 as being well below the point of complete solubility. 
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In a very carefully conducted investigation on very pure mater- 
ials, Dix (Reference 4) has recently shown, however, that complete 
solubility of the copper constituent in a 4 per cent Cu-Al alloy 

is not attained until a temperature only slightly below 500°C 
is reached. 

The specimens of the 14-gauge sheet used were of the same 
composition as given in the previous report (Table I) and were 
considered to be representative of the product of the two cooper- 
ating manufacturers (A and B). The heating periods for the high- 
er temperature ranged from 15 minutes to 8 hours; for the lower 
temperature, 1 to 8 hours. The tensile properties of the heat- 
treated material (quenched in cold water and aged at room temper- 
ature) before corrosion and after 40 days' attack by a calcium 
chloride solution are summarized in Figure 4. 

These results show definitely that 425°C is too low a quench- 
ing temperature to develop fully the properties of duralumin by- 
aging. For the sheet material heat-treated at the higher temper- 
ature, no practical advantage would appear to be gained by pro- 
longing the heating period much beyond 15 minutes. Specimens 
heated for a very long time (5 to 8 hours) showed a somewhat 
lower tensile strength than those heated for a very much shorter 
time, presumably because of the increased grain size occurring 
during the long heating periods. In addition to uniformly lower 
tensile properties shown by the material quenched at 425°G, 
these specimens also showed a lower corrosion resistance which 
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in the case of the A material was decidedly lower. In general, 
the results obtained for the corroded specimens indicated no pro- 
nounced or significant differences which could be attributed to 
the different heating periods used, aside from a slightly greater 
corrosion-resistance shown by the material heated for the longest 
periods. This difference, however, was not great enough to war- 
rant consideration of it as a practicable means for increasing 
the corrosion resistance of duralumin. It may be concluded from 
these tests, therefore, that provided the material is "fully heat- 
treated" by being quenched from a temperature well above that at 
which solution of the alloy constituents is attained, the corro- 
sion resistance is not materially improved by holding the material 
for a relatively long time at this temperature prior to quenching. 

2. Effect of Quenching Lledium 

It is very generally recognized that the mechanical proper- 
ties of heat-treated sheet duralumin are quite uniform, regard- 
less of the quenching medium used in carrying out the heat treat- 
ment. The results summarized in Figure 5 are in good agreement 
with previously published data by other investigators, and show 
no wide variations in the tensile properties of 14-gauge sheet 
duralumin aged after being quenched in various media, ranging 
from boiling water at one extreme to ice water at the other. 
The properties, in each case, are of the same order of magnitude 
and are well above the minimum values often specified for such 



N.A.C.A. Technical Note N 0 - 284 11 

material (55,000-60,000 ib./sq.in. ultimate tensile strength, 18$ 
elongation in 2 iiu). The difference in the susceptibility of 
this material to intercrystalline corrosion after being heat- 
treated in the different ways indicated is not nearly so well 
known, however. At the time this investigation was started almost 
no information on the point was available. Knerr (Reference 5) 
had previously mentioned "that there was some evidence that the 
resistance to corrosion is improved by quenching in cold water" 
and had cited in support of this, a few observations made on 
heat-treated sheet specimens which had been exposed for 30 days 
in the salt (NaOl) spray test. The materials which had been 
quenched in boiling water and in oil (70°F) were graded as show- 
ing only "slight corrosion" but more than that of similar mater- 
ial quenched in cold water (60°F) which showed "very slight cor- 
rosion." That this observation was considered of academic inter- 
est rather than as having any practical significance is evidenced 
by the fact that in describing the various high-strength aluminum 
alloys and the methods for treating them, Archer and Jeffries 
(Reference 3) stated, three years later, that "it is common to 
quench thern in hot water." Hot-water quenching has been followed 
rather extensively as a commercial practice and its advantage 
strongly emphasized (Reference 6), especially when fused salt 
baths (nitrates) are used as the means for heating the alloy 
prior to quenching, since the adhering salt film is much more 
readily removed by the hot water than by any other of the common 
quenching media. 
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Duralumin tension specimens which had been heat-treated by 
being permitted to age 3 days at room temperature after being 
quenched in various ways were corroded by the intermittent immer- 
sion method previously described. The following quenching meth- 
ods were used: boiling water; oil (Houghton 1 s !J 0 . 2) at 29°C 
(84°F); water, 25°C (77°F); 15 per cent sodium chloride brine, 
27°0 (80°F); ice water, 2°0 (35°F); and a water "pressure spray" 
(50 lb, pressure from a series of orifices surrounding the spec- 
imen). (The sodium-chloride brine was used only for experimental 
purposes, because of its high "quenching properties" as shown 
with steel, and is not recommended as a commercial method for 
aluminum alloys.) The properties of the specimens after corro- 
sion are summarized in Figure 5. The greater susceptibility to 
corrosion of the material quenched in hot water or in oil is very 
evident, in the change in both the tensile strength and in the 
elongation. The differences in properties, after corrosion, of 
the specimens quenched in rater at room temperature as compared 
with those quenched more drastically are, on the whole, not pro- 
nounced enough to warrant a recommendation for the exclusive use 
of the one in preference to the other. The microstructurc3 of the 
corroded specimens clearly shows-, even more strikingly than do 
the tension tests, the difference in the nature of the corrosive 
attack following the different quenching treatments. This is 
shown in Figure 6. 

The "B" duralumin received in the oil-quenched and aged con- 
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dition and quite susceptible to intercrystalline corrosion as re- 
ceived, due to the slow cooling rate in quenching, was made equal- 
ly resistant with the cold-water quenched "A" material by re- 
treatment and cold-water quenching. The more pronounced suscep- 
tibility of hot-water-quenched duralumin sheet to intercrystal- 
line corrosive attack by chloride solutions, as compared with 
that of cold-water-quenched material, would appear to be estab- 
lished beyond all question and as such, has been recognized in 
the most recent recommendations for the heat treatment of this 
class of material (Reference 2). Material which has been quenched 
in cold water is not to be considered, however, as being complete- 
ly resistant to all corrosive attack* The familiar pitting type 
of attack still occurred to some extent for such material when it 
was corroded by the accelerated corrosion test method. 

Very thin sheet duralumin (for example 9 ,008 inch) which has 
been quenched in cold water frequently, shows a corrosion resist- 
ance which is no better than that of the same material quenched 
in hot water. This is especially true when the treatment is car- 
ried out on rather small pieces. Even when the material is trans- 
ferred from the fused nitrate heating bath to the cold water with 
as little delay as possible, the heat-treated sheet is not very 
different in its corrosion resistance from the hot-water-quenched 
sheet. Both are quite susceptible to intercrystalline corrosion. 
The shielding of the surface by the adhering nitrate film as the 
material enters the cold water, is probs.bly responsible for much 
of the effect* 
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Even with some of the alloys, the full aging of which can 
only be accomplished at an elevated temperature, such as the 
alloy of copper and aluminum (25S), the rate of quenching may 
have a very decided effect upon the susceptibility of the quenched 
material to corrosion as may be seen toy the results in Figure 7. 
The specimens of the material, 35S, which were quenched at a slow- 
er rate, by using oil and hot water, showed lower resistance to 
corrosion than those quenched more rapidly by the use of cold 
water. It will be seen from the discussion in the next section, 
that the use of a medium having a relatively slow quenching rate 
approximates accelerated aging to some extent in its results. 
Hence, the alloy 25S quenched in hot water, when corroded behaves 
in a somewhat similar manner to the alloy aged, at an elevated 
temperature, although the hot-water treatment is not sufficient 
to develop fully the strength properties of the material* On the 
other hand the alloy 518 (llg-Si-Al alley), whan quenched in hot 
water, did not show the marked difference in its corrosion- 
resistance from that quenched in cold water, as did the Cu-Al 
alloy. In this case, hot-water quenching resulted in practically 
no aging of the material since a higher temperature and a much 
longer period is required for the alloy, 51S. 

3. Accelerated Aging and Heating after Aging 

In duralumin, the age-hardening process occurs normally at 
room temperatures and, although this change may be accelerated by 
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using an elevated temperature, the need for accelerated aging of 
this material very seldom arises. For the other high-strength 
aluminum alloys, however, accelerated aging is ordinarily neces- 
sary in order to develop the highest mechanical properties. 
Some results included in the previous report indicated that these 
materials which had been aged at an elevated temperature showed 
more propensity toward intercrystalline corrosion than when aged 
at room temperature. In order to show this effect more definite- 
ly the tests, the results of which are summarized in Figure 8, 
were carried out. 

Tension specimens of the duralumin composition were quenched 
in ice water from a temperature of 500°C. Some were aged immedi- 
ately at 100°C (24 hours), others at 200°C (4 hours) and a third 
set allowed to age at room temperature. The tension tests of 
the baxs after corrosion showed a very marked difference in the 
susceptibility toward corrosion of the material aged at 200°C as 
compared with that aged in the normal manner. According to the 
tension tests the material aged at 100°0, showed no marked dif- 
ference in its corrosion behavior from that aged at room temper- 
ature. The micro structure of the corroded bars, however, showed 
definitely that the propensity to intercrystalline attack, for 
the aging treatments used, increased as the aging temperature 
was raised. 

This effect of accelerated aging on the susceptibility to 
intercrystalline corrosion is much more strikingly shown by the 
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results of tension tests of corroded specimens of the Cu-Al and 
Mg-Si-Al type of alloy (25S and 51 S, respectively), full age- 
hardening of which cannot be accomplished at room temperature. 
It will be seen (Fig. 7) that not until the heating had been 
continued long enough to result in a considerable degree of age- 
hardening, as shown by the increase in tensile strength, was 
there any pronounced change in the behavior of the material when 
corroded. Both of these alloys aged at room temperature after 
quenching in cold water were highly resistant to intercrystalline 
attack but such a treatment does not confer upon the material the 
high-tensile properties which accelerated aging does. (it will 
be noticed that none of these materials was fully resistant in 
corrosion by the accelerated corrosion test used; corrosion of 
the ordinary type, pitting, often w a s quite severe and obscured 
to some extent the effect of the intercrystalline attack. Micro- 
scopic examination was necessary in order to make certain as to 
the character of the corrosive attack.) 

Duralumin in the quenched~and-aged condition is very seldom 
heated intentionally. This may occur, however, incidental to 
some coating operations and in welding. The tests summarized in 
Figure 8 were for the purpose of throwing light on this point as 
well as for supplementing the tests on accelerated aging. The 
results show that the corrosion resistance of heat-treated dural- 
umin is very much decreased by subsequent heating of the material. 
Microscopic examination of the corroded material showed that for 
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the three temperatures used, 135°C, 300°C , and 385°C, the inter- 
crystalline attack was most pronounced in the material heated at 
135°C (Fig. 9). The intercrystalline attack decreased as the re- 
heating temperature Was raised above 135°C, the intercrystalline 
corrosive attack of the material heated at 285°C being relatively 
slight, although the pitting was quite pronounced. 

4. Metallographic Aspects of Heat-Treated Sheet Duralumin 

Microscopic examination failed to show, even at high magni- 
fications, any structural features which could be considered as 
being characteristic of sheet duralumin which had been quenched 
in hot water as contrasted with the structure of the same mater- 
ial which had been quenched in cold water. Likewise, X-ray ex- 
aminations, by the Laue method, of duralumin sheet heat-treated 
in these two ways showed only relatively slight differences be- 
tween the two. Without doubt the difference in the corrosion 
behavior of sheet duralumin after these two forms of heat treat- 
ment is to be attributed to structural features of a submicro- 
scopic character. The case of the increase in the solubility 
in acid of hardened steel upon tempering, a change ordinarily 
described as being a function of the size of the precipitated 
( submicroscopic ) carbide particles, may be cited as an analogous 
one . 

I n order to show the nature of the structural change which 
is believed to underlie the aging of duralumin, it is necessary 
that the aging process be accentuated. Usually this is done by 
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prolonging the accelerated aging treatment or toy. reheating the 
alloy after it has been aged at room temperature. By such a 
treatment the particles of the hardening constituents become 
large enough to toe seen with the microscope. In Figure 10 are 
given thermal analysis curves (inverse-rate method) of a sam- 
ple of commercial heat-treated duralumin sheet. It will toe seen 
that two heat evolutions are shown toy the heating curve, at 200°C 
and 270°C approximately, the exact nature of which is still in 
question tout which are undoubtedly related to the age-hardening 
process. The cooling curve indicates nothing unusual in the be- 
havior of the alloy. The micrographs of Figure 9 show the struc- 
tural appearance of duralumin heated, after aging, at tempera- 
tures of 135, 200 and 235°C, respect ively 5 these temperatures 
being chosen by reference to the heating curve, together with the 
structure of the material after accelerated corrosion in the lab- 
oratory. I-fc will be seen from these micrographs that, as the 
material was heated, the aluminum-rich matrix changed in charac- 
ter by the appearance of small particles of the hardening con- 
stituents disseminated throughout it. This appearance became 
more pronounced as the heating was continued and the tendency 
toward localization of the particles on the grain boundaries be- 
came more marked. This preferential coalescence of the parti- 
cles on the grain boundaries, is most probably to be associated 
with the intercrystalline form of corrosion which occurs in this 
material. However, it is evident that the relation between these 
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two phenomena is net a simple one, since the tendency to inter- 
crystalline corrosion was found to be most marked in specimens 
heated at 135 C C in which material the grain boundary pattern was 
extremely slight whereas specimens (285°C) in which this pattern 
was most markedly developed showed a much less pronounced tenden- 
cy toward an interoryst alline attack. 

IV. Summary 

I* The results summarized in this report shew conclusively 
that the tendency of sheet duralumin and the related high-strength 
aluminum alloys to corrode in an intercrystalline manner is inti- 
mately related to the method of heat treatment used for the mater- 
ial. 

2. The heat treatment of materials of this type for the 
production of high-strength properties is carried rut in two 
stages which are more or less distinct, according to the alloy. 
The material is first heated at a temperature sufficiently high 
and for a sufficiently long period to permit the alloy constitu- 
ents to be taken into solid solution by the aluminum-rich matrix 
and then quenched to maintain this condition at room temperature. 
The quenched alloy is then aged which, in the case of duralumin, 
takes place at room temperature. In some of the related high- 
strength aluminum alloys, however, the aging must be done at an 
elevated temperature. Ey aging, the material becomes harder and 
stronger, which result is believed to be brought about by the 
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precipitation of sub-microscopic particles of the alloy constitu- 
ents throughout the aluniinum-rich matrix. 

3. Cold deformation or forming operations on sheet duralumin, 
if not done upon the annealed material, should be carried *out on 
the quenched material before aging has progressed very far. 

This is largely in order to facilitate the forming operations, 
however, and not primarily for increasing the corrosion resist- 
ance. The tendency toward intercrystalline corrosive attack of 
fully aged sheet duralumin., which has been cold-worked, is some- 
what greater than that of the unworked heat-treated material. 
But this factor is of somewhat minor importance, as compared with 
others which influence the corrosion behavior of sheet duralumin, 
in this respect. 

4. Provided the temperature at which duralumin is heated, 
prior to quenching, is well above that at which solution of the 
alloy constituents by the matrix is attained, no practical ad- 
vantage is gained, so far as the corrosion resistance of the ma- 
terial is concerned, by the use of very long heating periods. 
For 14-gauge sheet, heated at 500°C, a heating period of 15 min- 
utes in a fused nitrate bath gave essentially the seme results 
as was obtained by using periods several times as long as this. 

If the temperature is somewhat below that at which complete 
solubility of the alloy constituents is attained, the material 
will not be "fully heat-treated" and the corrosion resistance 
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will be relatively low. By longer heating periods, this condition 
is improved somewhat but such material will not "be the equal of 
that quenched from a higher temperature. 

5. The rate at which sheet duralumin is quenched prior to 
aging, that is, the quenching medium used, has a pronounced in- 
fluence on its susceptibility toward intercrystalline corrosion. 
Sheet material quenched in hot water shows a very much greater 
tendency toward intercrystalline attack than the same material 
after being quenched in cold water. Oil-quenched material lies 
intermediate between the other two in its corrosion behavior • 
The static strength properties of sheet duralumin quenched in 
different media do not differ materially, however. Hence, the 
tensile and related properties cannot be used as a criterion of 
the corrosion resistance of such material. However, with very 
thin sheet duralumin, the beneficial effect on corrosion resist- 
ance of cold water quenching is not ordinarily apparent. 

S. Sheet duralumin and related high-strength aluminum alloys 
which, after quenching, have been age-hardened at an elevated 
temperature show, in accelerated corrosion tests, a much more 
pronounced tendency toward intercrystalline corrosion than does 
the quenched material before heating. The strength properties 
after aging, of course, are superior to those before aging in 
certain alloys which do not age "spontaneously." The suscepti- 
bility of quenched-and-aged duralumin sheet to intercrystalline 
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corrosion is increased by heating the heat-treated material ~ a 
condition which may occur incidental to some coating operations. 

7. Sheet duralumin which has been heat-treated so as to 
possess high resistance to inter crystalline corrosion is not nec- 
essarily "corrosion proof." In accelerated corrosion tests the 
more familiar or pitting type of corrosion often occurs in such 
material. 

8. Microscopic and X-ray examinations have failed to show 
any marked and consistent differences in structure which can. be 
considered as characteristic of the differences resulting from 
the Quenching of sheet duralumin in hot water and in cold water, 
respectively* The difference in corrosion behavior of the mater- 
ial in these two conditions is most properly to be attributed to 
submicroscopic structural differences. As yet, no sure means for 
distinguishing between these two conditions, other than an accel- 
erated corrosion test has been found. 

9. The conclusions summarized above as to the effect of the 
variables of heat treatment of sheet duralumin upon its suscepti- 
bility toward intercryst alline corrosion have been based upon: 
accelerated corrosion tests in the laboratory. leather exposure 
tests of similar materials are now in progress for the purpose of 
obtaining definite information on the behavior under conditions 
more nearly comparable with those of service. 
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These exposure tests, so far as they have progressed, con- 
firm the accelerated tests in the laboratory, in indicating that 
there is little hope of preventing intercrystalline attack of 
the high-strength aluminum alloy sheet material by control of 
composition or avoidance of the common impurities by using spe^ 
pi ally pure metals. However, all of these tests do indicate 
that much can be done by using a rapid coolant in quenching 
(that is, cold w a ter) and avoiding the use of those alloys for 
which accelerated aging is necessary for devloping their high- 
strength properties in highest degree. While the differences in 
the rate of attack may not appear very great in the plotted re- 
sults of the accelerated tests, in actual service, as simulated 
by weather exposure tests, the useful life of hot water quenched 
duralumin sheet may be measured in months whereas that of similar 
material quenched in cold water is a matter of years. 

This control of the rate of quenching and the avoidance of 
accelerated aging by heating are the only means, so far found, of 
modifying the material itself so as to minimize the intercrystal- 
line form of corrosive attack. It is so simple a means that it 
should be adopted even though it may not completely prevent, but 
only reduce, this form of corrosive attack. By so doing, the 
need -for protection of the surface, which subject is discussed 
in the next of this series of notes, is thereby made less urgent; 
in brief, one should endeavor to depend as little as possible 
upon the surface coating applied, regardless of the kind used. 
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Fig* 9 Microstructure of corroded sheet duralumin, supplementing Figure 8, 
A, x 1000; B t x 250. Heated after aging as indicated. 
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Fig. 10 Thermal analysis curves of duralumin. 



